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ABSTRACT 

Glycyl-L-glutamine  [/3-endorphin- (30-31)  ]  is  synthesized 
through  the  post-translational  processing  of  /3-endorphin- ( 1-31) . 
Evidence  that  glycyl-L-glutamine  is  a  prominent  end-product  of 
endorphin-(l-31)  processing  in  cardioregulatory  regions  of  rat 
brain  prompted  us  to  investigate  whether  it  modulates  the  cardio¬ 
respiratory  depression  induced  by  central  j8-endorphin-(l-31) 
injection.  As  shown  previously,  /9-endorphin- (1-31)  (0.5  nmol) 

lowered  mean  arterial  pressure  (MAP)  and  heart  rate  when 
administered  i.c.v.  to  pentobarbital  anesthetized  rats.  Glycyl-L- 
glutamine  (0.3,  0.6,  1.0  and  10.0  nmol)  produced  a  dose-related 
inhibition  of  /9-endorphin- (1-31) -induced  hypotension,  but  not 
bradycardia,  when  injected  i.c.v.  15  min  after  /9-endorphin- (1-31) . 
This  effect  was  not  attributable  to  hydrolysis  because  equimolar 
amounts  of  L-glycine  and  L-glutamine  were  ineffective.  A  comparable 
response  was  observed  when  glycyl-L-glutamine  was  administered  to 
urethane  anesthetized  rats  or  when  it  was  injected  prior  to  ^-en¬ 
dorphin-  (1-31)  .  Glycyl-L-glutamine  also  attenuated  the  respiratory 
depressant  effect  of  ^-endorphin- ( 1-31) ,  significantly  inhibiting 
/3-endorphin- (1-31) -induced  hypoxia  and  hypercapnia.  Glycyl-L- 
glutamine  (1,  10  or  100  nmol)  was  inactive  when  injected  alone, 
however,  producing  no  significant  variation  from  baseline  MAP  or 
heart  rate  values.  These  results  demonstrate  that  glycyl-L- 
glutamine  inhibits  /3-endorphin- (1-31) -induced  cardiorespiratory 
depression  consistent  with  accumulating  evidence  that  glycyl-L- 
glutamine  functions  as  a  neuromodulator. 
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/J-Endorphln“(l-31)  generates  severe  hypotension  and  brady¬ 
cardia  when  injected  into  the  cerebrospinal  fluid  (CSF)  of  rats 
and  other  species  (Laubie  et  al,  1977;  Bolne  et  al.,  1978;  Sitsen 
et  al.,  1982).  A  comparable  response  ensues  when  ^-endorphin- (1- 
31)  is  microinjected  directly  into  the  nucleus  of  the  solitary 
tract  (NTS)  (Petty  and  de  Jong,  1982;  Mosqueda-Garcia  and  Kunos, 
1987)  or  the  vasopressor  region  of  the  ventrolateral  medulla 
(Punnen  and  Sapru,  1986)  suggesting  that  /5-endorphin- (1-31)  acts 
at  multiple  loci  within  the  brainstem.  Like  morphine  and  other 
opiates,  /5-endorphin- (1-31)  is  thought  to  produce  these  effects  by 
activating  mu  opioid  receptors  (Petty  and  de  Jong,  1982;  Mosqueda- 
Garcia  and  Kunos,  1987)  localized  in  the  NTS  and  other  brainstem 
cardioregulatory  sites  (Sales  et  al.,  1985;  Dashwood  et  al.,  1988). 
These  findings  are  consistent  with  immunohistochemical  evidence 
that  the  same  nuclei  contain  a  dense  plexus  of  ^-endorphin  immuno- 
reactive  axons  emanating  from  neuronal  cell  bodies  in  the  commis¬ 
sural  NTS  and  the  medial  basal  hypothalamus  (Palkovits  et  al., 
1987;  Joseph  and  Michael,  1988).  Collectively,  these  observations 
support  the  hypothesis  that  /5-endorphin- (1-31)  plays  an  important 
role  in  cardiovascular  homeostasis. 

This  conclusion  must  be  tempered  by  the  consideration  that  /5- 
endorphin-(l-31)  is  but  one  of  several  structurally  related 
peptides  localized  in  brainstem  neurons  (Zakarian  and  Smyth,  1982; 
Smith  and  Funder,  1988;  Loh,  1992).  These  include  two  C-terminally 
shortened  analogs,  /5-endorphin- (1-27)  and  i9-endorphin-(l-26) ,  and 
the  a-N-acetylated  derivatives  of  all  three  peptides.  Unlike  ^- 
endorphin-(l-31) ,  these  N-  and  C-terminally  modified  /5-endorphin 


peptides  display  little  or  no  affinity  for  opioid  receptors  and  are 
essentially  inactive  in  standard  assays  for  antinociception 
(Deakin,  et  al.,  1980;  Akil  et  al.,  1981;  Nicolas  and  Li,  1985). 
To  fully  understand  the  role  of  j3-endorphin  neurons  in  cardio¬ 
vascular  homeostasis  it  is  therefore  essential  to  identify  the 
specific  ^-endorphin  peptides  localized  within  cardioregulatory 
brain  regions  and  to  evaluate  their  independent  and  interactive 
effects  on  cardiovascular  function. 

Regional  analysis  of  ^-endorphin- (1-31)  processing  has 
revealed  that  /3-endorphin- (1-31)  predominates  throughout  much  of 
the  brain  (Zakarian  and  Smyth,  1982)  but  it  is  a  relatively  minor 
component  of  the  /3-endorphin  peptides  localized  in  the  brainstem 
(Zakarian  and  Smyth,  1982)  and  caudal  medulla  (Dores  et  al.,  1986). 
In  the  brainstem,  ^-endorphin- (1-31)  accounts  for  less  than  25%  of 
total  /3-endorphin  immunoreactivity;  a-N-acetyl-/3-endorphin-(l-27) , 
a-N-acetyl-^-endorphin-(l-26)  and  /3-endorphin- (1-26)  are  the 
predominant  forms  (Zakarian  and  Smyth,  1982) .  Structure-activity 
studies  have  shown  that,  in  contrast  to  ^-endorphin- ( 1-31) ,  these 
post-translationally  derived  /3-endorphin  analogs  have  no  effect  on 
peripheral  hemodynamics  when  injected  centrally  (Hirsch  and 
Millington,  1991;  van  Giersbergen  et  al.,  1991)  .  The  major  portion 
of  the  /3-endorphin  peptides  localized  in  the  brainstem  thus  have 
no  known  cardioregulatory  function. 

The  endoproteolytic  conversion  of  ^-endorphin-(l-31)  to  0- 
endorphin- (1-27)  also  generates  a  dipeptide,  glycyl-L-glutamine 
(^-endorphin- (30-31) ) .  Glycyl-L-glutamine  is  a  major  end-product 
of  ^-endorphin- (1-31)  processing  in  the  brainstem  and  other  brain 
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regions  because  it  is  produced  in  amounts  equivalent  to  the 
combined  concentrations  of  ^-endorphin- ( 1-27 ) ,  ^-endorphin- ( 1-26) , 
o-N-acetyl-^-endorphin-(l-27)  and  a-N-acetyl-^-endorphin-(l-26) 
(Parish  et  al. ,  1982).  Consequently,  brainstem  glycyl-L-glutamine 
concentrations  substantially  exceed  /S-endorphin-(l-31)  levels. 
This  raises  the  possibility  that  glycyl-L-glutamine  may  be  an 
important  product  of  /3-endorphin- (1-31)  processing,  not  only 
quantitatively,  but  functionally  as  well.  Despite  its  quantitative 
significance,  glycyl-L-glutamine 's  physiological  functions  have  not 
been  thoroughly  evaluated  and  its  role  in  cardiovascular 
homeostasis,  if  any,  is  unknown. 

These  considerations  prompted  us  to  examine  whether  glycyl-L- 
glutamine  modulates  the  cardiorespiratory  depression  produced  by 
central  /3-endorphin- (1-31)  administration.  We  found  that  glycyl- 
L-glutamine  is,  indeed,  a  potent  inhibitor  of  ^-endorphin- (1-31)- 
induced  hypotension  and  respiratory  depression.  When  injected 
i.c.v.  following  ^-endorphin- (1-31) ,  glycyl-L-glutamine  attenuated 
the  subsequent  fall  in  arterial  pressure  that  occurred  in  saline 
treated  controls  at  doses  that,  when  injected  alone,  had  no  effect 
on  peripheral  hemodynamics.  These  results  demonstrate  that  glycyl- 
L-glutamine  is  an  endogenously  synthesized  antagonist  of  ^-endor¬ 
phin-  (1-31)  -induced  cardiorespiratory  depression,  consistent  with 
accumulating  evidence  that  glycyl-L-glutamine  functions  as  a 
neuromodulator . 
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METHODS 


Animals  and  Surgical  Procedures: 

Male  Sprague-Dawley  rats  (250-350  g;  Sasco,  Inc.,  Omaha,  NE) 
were  housed  under  a  12:12  h  light:dark  cycle  with  free  access  to 
food  and  water.  Rats  were  anesthetized  with  either  pentobarbital 
(50  mg/kg  i.p.)  or  urethane  (1.5  g/kg  i.p.)  and  the  left  common 
carotid  artery  was  cannulated  with  PE-50  tubing  filled  with 
heparinized  saline  (150  U/ml)  and  attached  to  a  volumetric  pressure 
transducer  (Statham  P23) .  Blood  pressure  and  heart  rate  were 
recorded  using  a  Grass  model  7D  polygraph  (Grass  Instruments, 
Quincy,  MA) . 

Peptides  were  injected  i.c.v.  through  a  20-gauge  stainless 
steel  guide  cannula  implanted  in  the  right  lateral  ventricle  1.5 
mm  lateral  to  the  midline,  1.0  mm  posterior  to  bregma  and  4.0  mm 
below  the  skull  surface.  The  peptides  were  dissolved  in  10  nl 
isotonic  saline  and  injected  through  a  26-gauge  stainless  steel 
cannula  connected  by  PE-20  tubing  to  a  50  lil  Hamilton  syringe. 
The  tip  of  the  injection  cannula  extended  0.5  mm  below  the  end  of 
the  guide  cannula  and  the  injection  volume  was  monitored  by 
observing  the  movement  of  an  air  bubble  placed  in  the  tubing. 

For  blood  gas  measurements,  0.3  ml  arterial  blood  was 
collected  into  heparinized  syringes  and  immediately  replaced  with 
saline.  Blood  samples  were  placed  on  ice  and  analyzed  within  20 
min  using  a  Corning  model  178  pH/Blood  Gas  Analyzer. 

Receptor  Binding  Assay; 

Rats  were  sacrificed  by  decapitation,  each  brain  was  rapidly 
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removed  and,  after  detaching  the  cerebellum,  homogenized  in  50  mM 
Tris-HCl  (pH  7.4)  at  4  ‘C  with  a  Teflon  homogenizer .  The  homo¬ 
genate  was  centrifuged  for  10  min  at  3,000  x  g  and  4  *C,  the  pellet 
was  discarded  and  the  supernatant  was  centrifuged  at  48,000  x  g  for 
20  min  at  4  ‘C.  The  pellet  was  washed  with  50  mM  Tris-HCL  (pH 
7.4),  re-centrifuged  for  20  min  at  48,000  x  g  and  4  *C  and  resus¬ 
pended  in  sufficient  50  mM  Tris-HCl  (pH  7.4)  to  achieve  a  protein 
concentration  of  2  rog/ml.  Protein  was  analyzed  with  a  bicinchoninic 
acid  (BCA)  Protein  Assay  Reagent  (Pierce,  Rockford,  IL) . 

Receptor  binding  assays  were  perfomned  by  incubating  brain 
homogenates  (200  /Ltg  protein)  with  1  nM  (^Hjnaloxone  (46  Ci/mmol; 
Amersham  Corp. ,  Arlington  Heights,  IL)  at  27  ’C  for  30  min  in  0.5 
ml  50  mM  Tris-HCl  buffer  (pH  7.4).  At  the  end  of  incubation 
period,  bound  [^H] naloxone  was  separated  from  free  by  vacuum 
filtration  through  polyethylenimine-coated  Whatman  GF/B  filters 
using  a  Brandel  receptor  binding  harvester  (Brandel,  Inc., 
Gaithersburg,  MD) .  Non-specific  binding  was  estimated  using  1  fiM 
naloxone.  Km  and  Bmax  values  were  determined  by  Scatchard  analysis 
and  Ki  values  and  Hill  coefficients  were  determined  using  a  non¬ 
linear  curve  fitting  program. 

Drugs  and  Peptides: 

Rat  /3-endorphin- (1-31)  and  camel  ^-endorphin- (1-27)  were 
obtained  from  Peninsula  Laboratories  (Belmont,  CA) ,  glycyl-L- 
glutamlne  and  glycyl-D-glutamine  were  purchased  from  Bachem 
California  (Torrance,  CA) ,  and  glycyl-L-glutamate,  L-glycine  and 
L-glutaraine  from  Sigma  Chemical  Co.  (St.  Louis,  MO) .  a-N-Acetyl- 
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control  values  but  its  effect  was  neither  statistically  significant 
nor  dose-*dependent . 

We  next  examined  whether  glycyl-L-glutamine  could  produce 
Independent  cardiovascular  effects  when  administered  to  rats  that 
had  not  received  ^-endorphin- (1-31) .  Glycyl-L-glutamine  proved  to 
be  ineffective,  producing  no  significant  variation  from  baseline 
MAP  or  heart  rate  at  doses  of  1,  10  or  100  nmol  (Fig.  3).  Glycyl- 
L-glutamine  thus  antagonizes  /5-endorphin-  (1-31)  -induced  hypotension 
without  affecting  cardiovascular  function  when  administered  alone. 

One  caveat  to  this  conclusion  is  the  possibility  that  glycyl- 
L-glutamine  's  inhibitory  action  may  have  been  indirect,  resulting 
from  enzymatic  hydrolysis  to  its  constituent  amino  acids.  L-Glycine 
also  modulates  cardiovascular  function,  either  raising  (Talman, 
1988)  or  lowering  (Persson,  1980;  Talman  and  Robertson,  1989)  MAP 
depending  upon  the  site  of  injection.  To  test  this,  we  injected 
equimolar  amounts  of  L-glycine  and  L-glutamine  (1.0  nmol  each  amino 
acid)  i.c.v.  15  min  after  /5-endorphin- (1-31) .  L-Glycine  and  L- 
glutamine  co-injection  had  no  effect  whatsoever  on  the  hypotension 
(Fig.  4)  or  bradycardia  (not  shown)  produced  by  ^-endorphin- (1-31) . 
A  considerably  higher  dose  (1.0  fimol  each  amino  acid)  potentiated, 
rather  than  inhibited,  j0-endorphin-(l-31) 's  hypotensive  effect 
(data  not  shown) .  When  administered  to  rats  that  had  not  received 
^-endorphin- (1-31)  pretreatment,  1.0  /xmol  L-glycine  or  equivalent 
amounts  of  L-glycine  combined  with  L-glutamine  also  lowered  MAP 
(data  not  shown) ,  consistent  with  a  previous  report  (Persson, 
1980).  Thus,  hydrolysis  does  not  account  for  glycyl-L-glutamine 's 
inhibitory  activity. 
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Effects  in  Urethane  Anesthetized  Rats: 

The  cardiovascular  effects  of  iS-endorphin-(l-31)  and  other 
opioid  peptides  are  Influenced  by  several  variables.  Including  the 
type  of  anesthesia  (Feuerstein,  1985) .  To  determine  whether 
glycyl-L-glutamine  was  effective  only  under  pentobarbital  anes¬ 
thesia  we  tested  it  in  urethane  anesthetized  rats.  ^-Endorphin- 
(1-31)  produced  a  biphasic  response  under  urethane  anesthesia, 
generating  a  transient  rise  in  MAP  followed  by  a  dose-related 
hypotension  (Fig.  5),  as  reported  previously  (Bolme  et  al.,  1976; 
Laubie  et  al.,  1977).  /9-Endorphin- (1-31)  was  less  potent  in 
urethane  anesthetized  rats;  3.0  nmol  /9-endorphin- (1-31)  produced 
a  smaller  MAP  reduction  than  did  0.5  nmol  under  pentobarbital 
anesthesia.  Nonetheless,  glycyl-L-glutamine  produced  a  dose- 
dependent  inhibition  of  /3-endorphin- (1-31) -induced  hypotension 
under  urethane  anesthesia.  The  hypotensive  response  to  l.o  nmol 
/8-endorphin- (1-31)  was  almost  entirely  blocked  by  an  equimolar 
glycyl-L-glutamine  dose  injected  15  min  later  (Fig.  6)  (F(3,12)  = 
9.23,  P  <  0.01);  bradycardia  was  not  significantly  affected  (data 
not  shown) . 

Next,  we  reversed  the  peptide  injection  secjuence  by  pre¬ 
treating  rats  with  glycyl-L-glutaroine  5  min  before  they  received 
^-endorphin-(l-31) .  Glycyl-L-glutamine  (6.0  nmol)  pretreatment 
was  also  effective;  it  inhibited  the  hypotension  induced  by 
subsequent  i8-endorphin-(l-31)  (3.0  nmol)  injection  but  did  not 
significantly  influence  the  initial  pressor  response  (Table  1) . 
These  data  indicate  that  glycyl-L-glutamine ’s  modulatory  activity 
is  not  dependent  on  a  specific  anesthetic  agent  or  the  temporal 
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sequence  of  peptide  injection. 


Respiratory  Depression: 

Like  morphine,  ^-endorphin- (1-31)  produces  respiratory  depres¬ 
sion  when  injected  centrally  (Fldrez  et  al.,  1980;  Moss  and 
Scarpelli,  1981;  Shook  et  al.,  1990).  To  determine  if  glycyl-L- 
glutamine  inhibits  the  respiratory  depressant  effect  of  ^-endor- 
phin-(l-31),  we  measured  blood  gases  immediately  before  and  45  min 
after  ^-endorphin- (1-31)  injection;  as  in  previous  experiments, 
glycyl-L-glutamine  or  saline  was  administered  15  min  after  ^- 
endorphin-(l-31)  .  As  expected,  /3-endorphin- (1-31)  followed  by 
saline  injection  increased  pCOj  and  lowered  pOj  and  pH  although  HCOj* 
(Table  2)  and  base  excess  concentrations  (not  shown)  did  not  change 
significantly. 

Glycyl-L-glutamine  attenuated  the  hypercapnia  and  hypoxia 
induced  by  /9-endorphin- (1-31)  (Table  2)  .  Both  the  rise  in  plasma 
pCOj  and  fall  in  pOj  elicited  by  ^-endorphin- (1-31)  were  signifi¬ 
cantly  diminished  by  subsequent  glycyl-L-glutamine  injection; 
indeed,  pCOj  and  pOj  were  not  significantly  different  than  baseline 
values  following  sequential  ^-endorphin- (1-31)  and  glycyl-L- 
glutamine  administration  (Table  2) .  Glycyl-L-glutamine  did  not 
influence  the  reduction  in  plasma  pH  caused  by  /9-endorphin- (1-31) , 
however.  When  administered  i.c.v.  to  rats  that  had  not  been 
pretreated  with  /9-endorphin- (1-31) ,  glycyl-L-glutamine  (l.O  nmol) 
had  no  effect  on  pCOj;  (baseline  =  32.5  +  2.1  mm  Hg;  final  =  35.8 
+  4.6  mm  Hg;  n  =  3) ,  pOg  (baseline  =  87.0  +  2.8  mm  Hg;  final  =  84.8 
+  3.5  mm  Hg)  or  pH  (baseline  =  7.42  ±  0.01;  final  =  7.41  +  0.01) 
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measured  immediately  before  and  30  min  post-injection.  These  data 
indicate  that  glycyl-L-glutamine  attenuates  ^-endorphin- (1-31)- 
induced  hypercapnia  and  hypoxia  but  has  no  effect  on  blood  gases 
when  administered  independently. 

Glvcvl-L-Glutamine  Related  Dipeptides; 

To  further  define  the  structural  requirements  for  glycyl-L- 
glutamine  *8  inhibitory  activity,  we  tested  whether  glycyl-D- 
glutamine,  a-N-acetyl-glycyl-L-glutamine  or  glycyl-L-glutamate 
inhibited  /3-endorphin- (1-31) -induced  hypotension.  The  glycyl-L- 
glutamine  stereoisomer,  glycyl-D-glutamine,  was  completely 
inactive,  and  produced  no  significant  inhibition  when  injected  at 
the  same  dose  and  time  interval  at  which  glycyl-L-glutamine  was 
maximally  effective  (Table  3) .  a-N-Acetyl -glycyl-L-glutamine 
significantly  inhibited  /3-endorphin- (1-31) -induced  hypotension 
(F(4,25)  =*  4.59,  P  <  0.01)  indicating  that  a-N-acetylation  did  not 
abolish  the  dipeptide's  biological  activity;  in  contrast,  a-N- 
acetylation  essentially  eliminates  the  analgetic  and  hypotensive 
potency  of  /8-endorphin- (1-31)  (Deakin  et  al.,  1980;  Hirsch  and 
Millington,  1991) . 

The  human  /3-endorphin- (1-31)  sequence  terminates  in  glycyl-L- 
glutamate,  rather  than  glycyl-L-glutamine,  unlike  the  rat  and 
virtually  every  other  species  examined  thus  far  (Yamashiro  and  Li, 
1984).  Glycyl-L-glutamate  partially  blocked  ^-endorphin- ( 1-31) - 
induced  hypotension,  inhibiting  the  maximal  response  to  /3-endor¬ 
phin-  (1-31)  by  approximately  fifty  percent.  Together,  these  data 
indicate  that  glycyl-L-glutamine 's  cardiovascular  effects  appear 
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to  be  stereospccif ic  but  that  modifications  to  the  dipeptide's  N- 
or  c-terminus  do  not  entirely  eliminate  its  inhibitory  activity. 

rhi-j “Naloxone  Binding; 

The  cardiorespiratory  effects  of  ;8-endorphin- (1-31)  are 
thought  to  be  mediated  by  mu  opioid  receptors  (Petty  and  de  Jong, 
1982;  Mosqueda-Garcia  and  Kunos,  1987;  Shook  et  al.,  1990)  raising 
the  possibility  that  glycyl-L-glutamine  inhibits  /3-endorphin- (1- 
31)  's  effects  by  acting  as  a  mu  receptor  antagonist.  To  test  this, 
we  conducted  receptor  binding  experiments  using  [’h] naloxone  as  a 
ligand.  [^H] Naloxone  binding  to  rat  brain  homogenates  was 
saturable  with  and  values  of  1.5  nM  and  138  fmol/mg  protein, 
respectively,  consistent  with  earlier  reports  (Wood  et  al.,  1981; 
Schnittler  et  al.,  1990).  Non-specific  binding  was  consistently 
less  than  25%  total  binding. 

[^H] Naloxone  binding  was  displaced  by  morphine  and  ^-endor- 
phin-(l-31)  with  Kj  values  in  the  nM  range  (Table  4),  comparable  to 
previously  published  data  (Wood,  et  al.,  1981);  Hill  coefficients 
did  not  differ  significantly  from  unity  for  any  inhibitor  (data  not 
shown).  /3-Endorphin- (1-27)  displayed  considerably  lower  affinity 
for  [^H] naloxone  binding  sites,  less  than  one-tenth  that  of  ^- 
endorphin-(l-31) ,  similar  to  its  potency  ratio  for  [’H]-morphine 
binding  (Akil  et  al.,  1981). 

Glycyl-L-glutamine  failed  to  displace  [’h] naloxone  binding  at 
concentrations  ranging  from  1  pM  to  10  mM  (Table  4) .  For  example, 
(*H) naloxone  binding  in  the  presence  of  10  mM  glycyl-L-glutamine, 
the  highest  concentration  tested,  was  essentially  the  same  as 
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control  values  (102.5  ±  6.7  %  control;  n  =  3) .  Glycyl-L-glutanine 
is  therefore  unlikely  to  inhibit  ^-endorphin- (1-31) -induced  hypo¬ 
tension  by  acting  as  an  opioid  receptor  antagonist. 


DISCUSSION 

Glycyl-L-glutamine  is  a  major  end-product  of  /3-endorphin- (1- 
31)  processing  in  the  brainstem  yet  its  role  in  cardiovascular 
regulation  has  not  been  previously  investigated  (Zakarian  and 
Smyth,  1982;  Parish  et  al.,  1983).  Here  we  report  that  glycyl-L- 
glutamine  inhibits  the  characteristic  hypotension  and  respiratory 
depression  induced  by  i.c.v.  /3-endorphin- (1-31)  injection.  Glycyl- 
L-glutamine  is  a  relatively  potent  /3-endorphin- (1-31)  antagonist; 
1.0  nmol  inhibited  the  reduction  in  MAP  induced  by  0.5  nmol  /8-en- 
dorphin-(l-31) .  The  glycyl-L-glutamine  effect  is  not  attributable 
to  hydrolysis  because  it  was  not  reproduced  by  equimolar  amounts 
of  L-glycine  and  L-glutamine,  nor  was  it  dependent  on  the  type  of 
anesthesia  or  the  temporal  sequence  of  peptide  administration. 
Glycyl-L-glutamine  was  inactive  when  given  alone,  however,  and  did 
not  influence  arterial  pressure  or  heart  rate  at  doses  up  to  100- 
fold  higher  than  required  to  inhibit  ^-endorphin- (1-31) .  Collec¬ 
tively,  these  findings  demonstrate  that  glycyl-L-glutamine  is  a 
potent  antagonist  of  ^-endorphin- (1-31) -induced  cardiorespiratory 
depression  but  lacks  hemodynamic  activity  when  given  alone. 

These  data  extend  previous  structure-activity  studies  showing 
that  post-translational  processing  substantially  alters  /3-endor¬ 
phin-  (1-31)  's  central  cardioregulatory  activity.  These  studies 
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revealed  that  roost  post-translationally  derived  ^-endorphin 
peptides,  including  o-N-acetyl-A“endorphin-(l-3l) ,  o-N-acetyl-^- 
endorphin-(l-27) ,  a-N-acetyl-/3-endorphin-(l-26)  and  ^-endorphin- 
(1-26) ,  are  essentially  inactive  in  tests  of  central  cardiovascular 
potency  (Hirsch  and  Millington,  1991;  van  Giersbergen  et  al., 
1991).  ^-Endorphin- ( 1-27 ) ,  on  the  other  hand,  is  a  potent  hypo¬ 
tensive  and  bradycardic  agent  when  centrally  injected;  indeed,  it 
is  even  roore  potent  than  /3-endorphin- (1-31)  (Hirsch  and  Millington, 
1991;  van  Giersbergen  et  al.,  1991).  /S-Endorphin-(l-27)  may  thus 
play  a  role  in  the  central  regulation  of  cardiovascular  function, 
although  quantitatively,  it  is  a  relatively  minor  end-product  of 
brain  /9-endorphin- (1-31)  processing  (Zakarian  and  Smyth,  1982; 
Dores  et  al,  1986;  Emeson  and  Eipper,  1986). 

These  findings  underscore  the  difficulties  involved  in  predic¬ 
ting  the  physiological  role  of  endogenous  ^-endorphin  peptides  from 
pharmacological  data.  Hypotheses  regarding  their  endogenous  func¬ 
tion  must  take  into  account  the  anatomical  pathways  in  which  ^-en¬ 
dorphin  is  synthesized,  the  specific  ^-endorphin  peptides  expressed 
within  these  pathways  and  their  independent  and  interactive  effects 
on  cardiovascular  function.  In  the  forebrain,  these  relationships 
are  relatively  uncomplicated.  The  forebrain  is  innervated  solely 
by  proopiomelanocortin  (POMC)  neurons  projecting  from  the  medial 
basal  hypothalamus  (Khachaturian  et  al.,  1985)  which  primarily 
synthesize  /3-endorphin- (1-31)  and  small  amounts  of  ^-endorphin- (1- 
27)  and  /3-endorphin- (1-26) ;  a-N-acetylation  occurs  to  only  a 
limited  extent  (Zakarian  and  Smyth,  1982;  Emeson  and  Eipper,  1986). 

In  contrast,  /3-endorphin- (1-31)  is  a  relatively  minor  end- 
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product  in  the  brainstem,  where  it  accounts  for  only  about  25%  of 
/j-endorphin  immunoreactivity  (Zakarian  and  Smyth,  1982;  Dores  et 
al.,  1986).  The  predominant  forms  are  a-N-acetylated  and  c~ 
terminally  truncated,  hence  Inactive  (Deakin  et  al,  1980;  Hirsch 
and  Millington,  1991) .  Based  on  structure-activity  data,  it  is 
difficult  to  discern  why  POMC  neurons  convert  /8-endorphin- (1-31) 
to  peptide  derivatives  lacking  cardiovascular,  or  for  that  matter, 
any  other  identified  physiological  function  in  brain.  But  these 
studies  failed  to  consider  that  glycyl-L-glutamine  is  also  a 
prominent  end-product  of  /3-endorphin- (1-31)  processing.  The 
present  data  indicate  that  glycyl-L-glutamine  is  an  important  /3- 
endorphin-(l-31)  derivative,  not  only  quantitatively,  but  func¬ 
tionally  as  well,  and  further  suggest  that  it  may  serve  as  an 
antagonist  of  /8-endorphin- (1-31)  ‘s  hypotensive  activity.  The 
concept  that  agonist  and  antagonist  /8-endorphin  peptides  are  co¬ 
released  from  the  same  neuron  is  somewhat  paradoxical,  yet  not 
unprecedented.  /8-Endorphin- (1-27)  is  a  potent  opioid  receptor 
antagonist  that  inhibits  ^-endorphin- (1-31)  -induced  antinociception 
(Nicolas  and  Li,  1985;  Suh  et  al.,  1988;  Hong  et  al.,  1993).  To¬ 
gether  these  data  support  the  concept  that  /8-endorphin- (1-27)  and 
glycyl-L-glutamine  modulate  the  antinociceptive  and  cardioregula- 
tory  actions  of  the  parent  peptide  in  a  regionally  specific  manner. 

In  addition  to  its  cardiovascular  effects,  central  ^-endor¬ 
phin-  (1-31)  injection  produces  respiratory  depression  (F16rez  et 
al.,  1980;  Moss  and  Scarpelli,  1981;  Sitsen  et  al.,  1982).  Res¬ 
piratory  depression  is  often  a  complicating  factor  when  evaluating 
the  cardiovascular  effects  of  opioid  peptides,  particularly  in 
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finding  that  glycyl-L-glutanine  fails  to  displace  [^H]naloxone 
binding  at  concentrations  as  high  as  10  nM  indicates  that  blockade 
of  nu  receptors  is  unlikely  to  account  for  its  inhibitory  inter¬ 
action  with  j8-endorphin-(l-31) .  Nevertheless,  the  conclusion  that 
mu  receptors  mediate  ^-endorphin- (1-31) 's  cardiovascular  effects 
has  not  met  with  universal  agreement  because  a  number  of  investiga¬ 
tions  have  shown  that,  in  contrast  to  ^-endorphin-(l-31) ,  mu 
selective  agonists  elevate,  rather  than  lower  MAP  when  injected 
centrally  (Hassen  and  Feuerstein,  1987;  Petty  and  Sitsen,  1989). 
This  evidence  has  led  to  the  alternative  hypothesis  that  ^-endor¬ 
phin-  (1-31)  's  cardiovascular  activity  is  attributable  to  activation 
of  the  putative  epsilon  receptor  or  other  non-classical  ^-endor¬ 
phin-  (1-31)  binding  sites  (Petty  and  sitsen,  1989;  Millington  and 
Hirsch,  1993) .  Thus,  it  is  conceivable  that  glycyl-L-glutamine 
acts  as  an  antagonist  at  a  i8-endorphin-(l-31)  binding  site  other 
than  the  mu  opioid  receptor. 

Several  lines  of  evidence  argue  against  this  conclusion, 
however.  We  recently  reported,  for  example,  that  glycyl-L- 
glutamine  inhibits  the  hyperthermia  generated  by  a-melanocyte- 
stimulating  hormone  (o-MSH)  microinjection  into  thermoregulatory 
sites  in  the  medial  preoptic  area  (Resch  and  Millington,  1993) . 
As  in  the  present  study,  glycyl-L-glutamine  was  inactive  when 
injected  alone.  Glycyl-L-glutamine  also  inhibits  the  character¬ 
istic  behavioral  effects  produced  by  i.c.v.  a-MSH  injection,  the 
grooming  and  stretching  and  yawning  syndromes,  without  influencing 
these  behavioral  repertoires  when  injected  alone  (Hirsch  and 
O'Oonohue,  1986).  These  findings  demonstrate  that  glycyl-L- 
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glutaaine  Inhibits  the  action  of  at  least  one  other  POMC-derived 
peptide,  an  effect  which  is  difficult  to  ascribe  to  blockade  of 
opioid  receptors  or  other  ^-endorphin-(l-31)  binding  sites. 

Glycyl-L-*glutamine  also  produces  Independent  effects  unrelated 
to  inhibition  of  POMC  peptides  (Parish  et  al.,  1983;  Koelle  et  al., 
1988;  Lotwick  et  al.,  1990;  Haynes,  1991;  Nyquist-Battie  et  al., 
1993).  This  was  first  demonstrated  by  Parish  et  al.  (1983)  who 
showed  that  glycyl-L-glutamine  reduces  the  firing  rates  of  brain¬ 
stem  neurons  when  applied  iontophoretically.  Glycyl-L-glutamine 's 
inhibitory  electrophysiological  activity  was  unaffected  by 
naloxone,  indicating  that  opioid  receptors  are  not  involved  in  the 
response.  Strychnine  was  also  ineffective,  implying  that  glycyl- 
L-glutamine  does  not  produce  its  modulatory  effects  by  activating 
glycine  receptors  (Parish  et  al.,  1982).  Our  data  support  this 
conclusion,  showing  that  glycyl-L-glutamine ' s  cardiomodulatory 
effects  are  not  reproduced  by  equimolar  amounts  of  L-glycine;  in 
fact,  higher  L-glycine  doses  have  the  opposite  effect,  lowering 
arterial  pressure  when  injected  i.c.v.  (Persson,  1980;  unpublished 
data).  We  further  showed  that  glycyl-L-glutamine 's  inhibitory 
interaction  with  /3-endorphin- (1-31)  was  stereospecific,  to  the 
extent  that  it  was  not  reproduced  by  glycyl-D-glutamine,  and  that 
it  was  not  abolished  by  N-terminal  acetylation  or  by  substituting 
glutamate  for  glutamine.  These  findings  support  the  hypothesis 
that  glycyl-L-glutamine  acts  through  a  stereospecific  receptor  but 
whether  this  represents  a  unique  glycyl-L-glutamine  binding  site 
remains  to  be  investigated. 


-20- 


REFERENCES 


Akll,  H.,  Young,  E.  and  Watson,  S.J.:  Opiate  binding  properties  of 
naturally  occurring  N-  and  c-teminus  modified  beta-endorphins. 
Peptides  2:  289-292,  1981. 

Bolne,  P. ,  Fuxe,  K. ,  Agnati,  L.F. ,  Bradley,  R.  and  Smythies,  J.: 
Cardiovascular  effects  of  morphine  and  opioid  peptides  following 
intracisternal  administration  in  chloralose-anesthetized  rats. 
Eur.  J.  Pharmacol.  48:  319-324,  1978. 

Dashwood,  N.R.,  Muddle,  J.R.  and  Spyer,  K.M. :  Opiate  receptor 
subtypes  in  the  nucleus  tractus  solitarii  of  the  cat:  the  effect 
of  vagal  section.  Eur.  J.  Pharmacol.  155:  85-92,  1988. 

Oeakin,  J.F.W. ,  Oostrovsky,  J.O.  and  Smyth,  D.G. :  Influence  of  N- 
terminal  acetylation  and  c-terminal  proteolysis  on  the  analgesic 
activity  of  /J-endorphin.  Biochem.  J.  189:  501-506,  1980. 

Oores,  R.M.,  Jain,  M.  and  Akil,  H. :  Characterization  of  the  forms 
of  /8-endorphin  and  a-MSH  in  the  caudal  medulla  of  the  rat  and 
guinea  pig*  Brain  Res.  377:  251-260,  1986. 

Emeson,  R.B.  and  Elpper,  B.A. :  Characterization  of  pro-ACTH/endor- 
phin-derived  peptides  in  rat  hypothalamus.  J.  Neurosci.  6:  837- 
849,  1986. 

Feuerstein,  G.  The  opioid  system  and  central  cardiovascular 
control:  Analysis  of  controversies.  Peptides  6,  Suppl.  2:  51~ 
56,  1985. 

Fldrez,  J.,  Mediavilla,  A.  and  Pazos,  A.:  Respiratory  effects  of 
/8-endorphin,  D-Ala^-met-enkephal in-amide,  and  met-enkephalin 
injected  into  the  lateral  ventricle  and  pontomedullary  sub¬ 
arachnoid  space.  Brain  Res.  199:  197-206,  1980. 


21 


Hassen,  A.H.  and  Feuersteln,  G.:  /x-Opioid  receptors  in  NTS  elicit 
pressor  responses  via  sympathetic  pathways.  Am.  J.  Physiol.  252: 
H156-H162,  1987. 

Haynes,  L. :  /9~Endorphin  C-terminal  peptide  evokes  arachidonic  acid 
release  from  cortical  neurones.  Eur.  J.  Pharmacol.  192:  397-401, 
1991. 

Hirsch,  M.D.  and  Millington,  W.R.:  Endoproteolytic  conversion  of 
/5-endorphin-l-31  to  ^-endorphin-l-27  potentiates  its  central 
cardioregulatory  activity.  Brain  Res.  550:  61-68,  1991. 

Hirsch,  M.D.  and  O'Donohue,  T.L. :  Structural  modifications  of  pro¬ 
opiomelanocortin-derived  peptides  alter  their  behavioral  effects 
markedly.  J.  Pharmacol.  Exp.  Ther.  237:  378-385,  1986. 

Hong,  M.,  Sutak,  M.  and  Jhamandas,  K. :  Inhibition  of  spinal  opioid 
antinociception  by  intrathecal  /3-endorphin,.27  in  the  rat.  Br.  J. 
Pharmacol.  108:  1137-1142. 

Joseph,  S.A.  and  Michael,  G.J.:  Efferent  ACTH-IR  opiocort in  projec¬ 
tions  from  nucleus  tractus  solitarius:  A  hypothalamic  deafferen- 
tation  study.  Peptides  9:  193-201,  1988. 

Khachaturian,  H.,  Lewis,  M.E.,  Tsou,  K.  and  Watson,  S.J.:  0~ 
Endorphin,  a-MSH,  ACTH,  and  related  peptides.  In  Handbook  of 
Chemical  Anatomy,  Vol.  4,  ed.  by  A.  Bjorklund  and  T.  Hokfelt, 
pp.  216-272,  Elsevier,  Amsterdam,  1985. 

Koelle,  G.B. ,  Massoulid,  J.,  Eugdne,  D.  and  Melone.  M.A.B.:  Effects 
of  glycyl-L-glutamine  in  vitro  on  the  molecular  forms  of  acetyl¬ 
cholinesterase  in  the  preganglionically  denervated  superior 
cervical  ganglion  of  the  cat.  Proc.  Natl.  Acad.  Sci.  U.S.A.  85: 
1686-1690,  1988. 


-22- 


Lauble,  M. ,  Schmitt,  H. ,  Vincent,  M.  and  Remond,  G. :  Central 
cardiovascular  effects  of  morphinomimetic  peptides  in  dogs. 
Bur.  J.  Pharmacol.  46:  67-71,  1977. 

Loh,  Y.P.:  Molecular  mechanisms  of  /9-endorphin  biosynthesis. 
Biochem.  Pharmacol.  44:  843-849,  1992. 

Lotwick,  H.S.,  Haynes,  L.W.  and  Ham,  J.:  Glycyl-L-glutamine  stimu¬ 
lates  the  accumulation  of  A)2  acetylcholinesterase  but  not  of 
nicotinic  acetylcholine  receptors  in  quail  embryonic  myotubes 
by  a  cyclic  AMP- independent  mechanism.  J.  Neurochem.  54:  1122- 
1129,  1990. 

Mastrianni,  J.A.,  Palkovits,  M.  and  Kunos,  G.:  Activation  of 
brainstem  endorphinergic  neurons  causes  cardiovascular 
depression  and  facilitates  baroreflex  bradycardia.  Neuroscience 
33:  559-566,  1989. 

Millington,  W.R.  and  Hirsch,  M.O. :  Selective  post-translational 
processing  of  opioid  peptides  in  cardioregulatory  mechanisms  of 
the  dorsal  medulla.  In  The  Nucleus  of  the  Solitary  Tract,  ed. 
by  R.A.  Barraco,  CRC  Press,  Boca  Raton,  FL,  (In  Press) . 

Mosqueda-Garcia,  R.  and  Kunos,  G.:  Opiate  receptors  and  the  endor¬ 
phin-mediated  cardiovascular  effects  of  clonidine  in  rats:  Evi¬ 
dence  for  hypertension-induced  /i-subtype  to  6-subtype  changes. 
Proc.  Natl.  Acad.  Sci.  U.S.A.  84:  8637-8641,  1987. 

Moss,  I.R.  and  Scarpelli,  E.M.:  ^-Endorphin  central  depression  of 
respiration  and  circulation.  J.  Appl.  Physiol.  50:  1011-1016, 
1981. 


-23- 


Nicolas,  P.  and  Li,  C.H. :  ^-Endorphin- (1-27)  is  a  naturally 
occurring  antagonist  to  etorphine-induced  analgesia.  Proc.  Natl. 
Acad.  Sci.  U.S.A.  82:  3178-3181,  1985. 

Nyquist-Battie,  C. ,  Hagler,  K.E.  and  Millington,  W.R.:  Glycyl-L- 
glutamine  regulates  the  expression  of  asymmetric  acetylcholin¬ 
esterase  molecular  forms  in  cultured  cardiac  post-natal 
myocytes.  J.  Mol.  Cell.  Cardiol.  25:  1111-1118,  1993. 

Palkovits,  M.,  Mezey,  E.  and  Eskay,  R.L. :  Pro-opiomelanocortin- 
derived  peptides  (ACTH//3 -endorphin/ a -MSH)  in  brainstem  baro- 
receptor  areas  of  the  rat.  Brain  Res.  436:  323-328,  1987. 

Parish,  D.C.,  Smyth,  D.G.,  Normanton,  J.R.  and  Wolstencroft,  J.H. 
Glycyl  glutamine,  an  inhibitory  neuropeptide  derived  from  fi- 
endorphin.  Nature  306:  267-270,  1983. 

Persson,  B. :  Cardiovascular  effects  of  intracerebroventricular 
GABA,  glycine  and  muscimol  in  the  rat,  N.-S.  Arch.  Pharmacol. 
313:  225-236,  1980. 

Petty,  M.A.  and  de  Jong,  W. :  Cardiovascular  effects  of  ^-endorphin 
after  microinjection  into  the  nucleus  tractus  solitarii  of  the 
anaesthetized  rat.  Eur.  J.  Pharmacol.  81:  449-457,  1982. 

Petty,  M.A.  and  Sitsen,  J.M.A.:  Central  hypotensive  influence  of 
opioid  peptides.  In  Hypertension,  Brain  Catecholamines  and 
Peptides,  ed.  by  F.P,  Nijkamp  and  D.  de  Wied,  pp.  59-67, 
Elsevier  Science  Publishers,  New  York,  1989. 

Punnen,  S.  and  Sapru,  H.N.:  Cardiovascular  responses  to  medullary 
microinjections  of  opiate  agonists  in  urethane-anesthetized 
rats.  J.  Cardiovasc.  Pharmacol.  8:  950-956,  1986. 


-24- 


Resch,  G.E.  and  Millington,  W.R.:  Glycyl-L-glutamine  antagonizes 
o-MSH-ellcited  thennogenesis.  Peptides  14:  971-975,  1993. 

Sales,  N.,  Riche,  D. ,  Roques,  B.P.  and  Denavit-Saubie,  M.:  Locali¬ 
zation  of  /i-  and  5-opioid  receptors  in  cat  respiratory  areas: 
an  autoradiographic  study.  Brain  Res.  344:  382-386,  1985. 

Schnittler,  M.,  Liebinann,  C.,  Schrader,  U. ,  Schulze,  H.-P., 
Neubert,  K.  and  Repke,  H.:  [^H]Naloxone  as  an  opioid  receptor 
label:  Analysis  of  binding  site  heterogeneity  and  use  for 
determination  of  opioid  affinities  of  casomorphin  analogues. 
Biomed.  Biochim.  Acta  49:209-218,  1990. 

Shook,  J.E.,  Watkins,  W.D.  and  Camporesi,  E.M. :  Differential  roles 
of  opioid  receptors  in  respiration,  respiratory  disease,  and 
opiate-induced  respiratory  depression.  Am.  Rev.  Respir.  Dis. 
142:895-909,  1990. 

Sitsen,  J.M.A.,  van  Ree,  J.M.  and  de  Jong,  W. :  Cardiovascular  and 
respiratory  effects  of  ^-endorphin  in  anesthetized  and  conscious 
rats.  J.  Cardiovasc.  Pharmacol.  4:  883-888,  1982. 

Smith,  A. I.  and  Funder,  J.W.:  Proopiomelanocortin  processing  in 
the  pituitary,  central  nervous  system,  and  peripheral  tissues. 
Endocr.  Rev.  9:  159-179,  1988. 

Suh,  H.H.,  Tseng,  L.F.  and  Li,  C.H. :  ^-Endorphin- (1-27)  antagonizes 
^-endorphin-  but  not  morphine-,  D-Pen^D-Pen®-enkephalin-  and 
U50,488H-induced  analgesia  in  mice.  Neuropharmacol .  27:  957-963, 
1988. 

Talman,  W.T.:  Glycine  microinjected  in  the  rat  dorsal  vagal  nucleus 
increases  arterial  pressure.  Hypertension  11:  664-667,  1988. 


-25- 


Tainan,  W.T.  and  Robertson,  S.C.:  Glycine,  like  glutamate,  nicro- 
inj acted  into  the  nucleus  tractus  solitarii  of  rat  decreases 
arterial  pressure  and  heart  rate.  Brain  Res.  477;  7-13,  1989. 

Van  Giersbergen,  P.L.M.,  de  Lang,  H.  and  de  Jong,  W. :  Effects  of 
dynorphin  A  (1-13)  and  fragments  of  /3-endorphin  on  blood  pressure 
and  heart  rate  of  anesthetized  rats.  Can.  J.  Physiol.  Pharmacol. 
69:  327-333,  1991. 

Wood,  P.L.,  Charleson,  S.E.,  Lane,  D.  and  Hudgin,  R.L. :  Multiple 
opiate  receptors:  Differential  binding  of  /x,  K  and  S  agonists. 
Neuropharmacology  20:  1215-1220,  1981. 

Yamashiro,  D.  and  Li,  C.H.:  ^-Endorphin:  Structure  and  activity. 
In  The  Peptides,  Analysis,  Synthesis,  Biology,  Vol.  6,  ed.  by 
S.  Udenfriend  and  J.  Meienhofer,  pp.  191-217,  Academic  Press, 
New  York,  1984. 

Zakarian,  S.  and  Smyth,  D.G.:  /3-Endorphin  is  processed  differently 
in  specific  regions  of  rat  pituitary  and  brain.  Nature  296:  250- 
252,  1982. 


-26 


FOOTNOTES 


’This  research  was  supported  by  grants  from  the  USAMRDC  (DAMD17- 
90-Z-0022)  and  the  St.  Luke's  Hospital  Foundation.  Dr.  Unal  is 
supported  by  a  fellowship  from  Uludag  University,  Bursa,  Turkey. 
The  animal  research  protocol  adhered  to  the  "Guide  for  the  Care  and 
Use  of  Laboratory  Animals"  prepared  by  the  Committee  on  Care  and 
Use  of  Laboratory  Animals  of  the  Institute  of  Laboratory  Animal 
Resources,  National  Research  Council  (NIH  publication  86-23, 
revised  1985) . 


Table  2.  Glycyl-L-glutainine  attenuates  /9-endorphin- (1-31) -Induced 
respiratory  depression. 

Treatment  Baseline  Final  Change 


PCO;  tmm  Hq\  : 

Saline 

40.5 

± 

3.0 

59.6 

± 

6.5* 

19.1 

+ 

4.3 

Gly-L-Gln 

42.0 

+ 

2.2 

50.5 

+ 

3.2 

8.5 

+ 

2.5' 

pO,  (mm  Hal: 

Saline 

80.1 

+ 

3.9 

56.3 

± 

6. 1** 

-23.8 

+ 

4.9 

Gly-L-Gln 

73.2 

+ 

2.9 

66.9 

± 

3.3 

-6.4 

+ 

5.2* 

HCOj*  (mmol/L)  : 

Saline 

23.4 

+ 

1.3 

25.6 

+ 

2.4 

2.2 

+ 

1.9 

Gly-L-Gln 

23.9 

± 

0.9 

23.6 

± 

1.0 

-0.3 

± 

1.2 

pH; 

Sal ine 

7.37 

+ 

0.01 

7.24 

± 

•* 

0.03 

-0.13 

+ 

0.02 

Gly-L-Gln 

7.36 

± 

0.01 

7.28 

± 

0.02* 

-0.08 

+ 

0.02 

Pentobarbital  anesthetized  rats  were  treated  i.c.v.  with  0.5  nmol 
/9-endorphin- (1-31)  followed  15  min  later  by  either  saline  (n  =  6) 
or  1.0  nmol  glycyl-L-glutamine  (Gly-L-Gln;  n  =  7)  .  Arterial  blood 
samples  were  drawn  5  min  prior  to  /S-endorphin-(l-3l)  (baseline)  and 
30  min  after  saline  or  glycyl-L-glutamine  injection  (final).  Data 
are  presented  as  the  mean  ±  S.E.  and  were  analyzed  by  two-tailed 
t-test.  *P  <  0.05  and  **P  <  0.01  differs  from  the  corresponding 
baseline  values;  <  0.05  differs  from  /9-endorphin- (1-31)  + 
saline  treated  animals. 
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Table  3.  The  effect  of  glycyl-L-glutamine  related  dipeptides  on  the 
hypotensive  response  to  ^-endorphin- ( 1-3 1) . 


Treatment 

Change  in  MAP  (mm  Hg) 

Saline 

-21.1  ±  4.1 

Gly-L-Gln  (8) 

-2.8  ±  3.1** 

Gly-D-Gln  (6) 

-19.3  ±  4.5 

Gly-L-Glu  (4) 

o 

• 

+1 

to 

• 

o 

1 

Ac-Gly-L-Gln  (4) 

-7.0  ±  3.1* 

Pentobarbital  anesthetized  rats  were 

treated  i.c.v.  with  /9-endor 

phin-(l-31)  (0.5  nmol),  followed  15 

min  later,  by  glycyl-L-glut 

amine  (Gly-L-Gln;  1.0  nmol),  glycyl-D-glutamine  (Gly-D-Gln;  1.0 
nmol),  glycyl-L-glutamate  (Gly-L-Glu;  1.0  nmol)  or  a-N-acetyl- 
glycyl-L-glutamine  (Ac-Gly-L-Gln;  10  nmol) .  Data  represent  the 
mean  change  in  MAP  (+  S.E.)  recorded  immediately  before  and  30  min 
following  dipeptide  administration  and  were  analyzed  by  ANOVA 
followed  by  Newman-Keuls  test.  The  numbers  in  parentheses  indicate 
the  number  of  animals  in  each  treatment  group.  *P  <  0.05;  **P  < 
0.01  differs  from  control. 
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Table  4.  Inhibition  of  [’h] naloxone  binding  by  morphine,  ^-endor¬ 
phin-  (1-31)  and  ^-endorphin- (1-27)  but  not  glycyl-L-glutamine. 


Inhibitor 

Ki 

(nM) 

Naloxone 

6.7 

±  1.4 

Morphine 

34.2 

±  9.9 

;8-End-(l-31) 

10.7 

±  3.2 

/ff-End-(l-27) 

155.2 

±  26.5 

Gly-L-Gln 

>  10, 

000,000 

(^HJNaloxone  (1  nM)  binding  was  determined  in  the  presence  of 
inhibitor  concentrations  ranging  between  1  pM  and  10  /iM  or,  for 
glycyl-L-glutamine,  10  mM.  Data  represent  the  mean  +  S.E,  of  three 
separate  experiments. 
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